Introduction
Numerous descriptive studies and field experiments have established that competitive interaction is common in most natural vegetation (Braakhekke 1985) . The structure of a plant community therefore, will often be determined to a large extent by the relative suppressive effects of species on each other. This rank order or "pecking order" (Harper 1977 ) may, for example, indicate a strong dominance hierarchy. Alternatively, most or all of the species in a community may be essentially equivalent in their suppressive effects on each other.
Two different approaches have been used to represent the rank order of competitive effects among spe- In the second approach, rank order is represented by a competition matrix of coefficients which indicate, for all possible pairwise interactions, the extent to which one species is superior in its ability to suppress the other. The species may form a linear (transitive) hierarchy (e.g., A > B > C) or a more complex intransitive network where, for example, A is superior to B and B is superior to C but C is superior to A. This approach has been widely used to study over-growth interactions in sessile marine invertebrates where both transitive and intransitive competitive relationships have been reported (see Buss 1986 for a recent review). Comparable studies for plants are scarce. Pemadasa and Lovell (1974) reported a linear rank order among one perennial and four dune annuals using this approach. Similarly, Fowler (1982) found a linear rank order among six species from a mown grassland and Roush and Radosevich (1985) found a linear rank order for four annual weeds.
How do these two different approaches correspond? Can the rank order of species based on relative performances in two-species mixtures be used to predict the rank order of suppressive effects on different targets? How does one interpret a variable rank order against different targets? These questions are addressed in the present paper which reports results of an experimental study using four species collected (as seed) from each of three different-aged pastures. A further objective was to compare the competitive relationships of the same species from pastures of different ages. The results are contrasted with those of an earlier study (Aarssen and Turkington 1985b) involving the same four species from the same pastures, but in which neighbouring clones were collected rather than seed.
Methods
The study site consisted of three different aged-pastures in the lower Fraser Valley of British Columbia, Canada. The pastures were last sown in 1977, 1958, and 1939 respectively and had since been used only for cattle grazing and occasional mowing for hay. All three pastures were sown with a mixture comprised of the same species and none of the fields had ever received any chemical fertilizers or pesticides. Further details of these pastures are given in Aarssen and Turkington (1985a) .
Based on mean percent cover in nine surveys conducted over three years from June 1979 to March 1982, the four most abundant species in the 1939 pasture were Poa compressa L., Trifolium repens L., Holcus lanatus L. and Lolium perenne L. The abundances of these four species as well as other major species in each pasture over this survey period are illustrated in Fig. 1 
(Aarssen and Turkington 1985a).
In the summer of 1982, the three fields were left free of grazing long enough to permit seed to ripen for the four species above. For each of these species in each pasture, 200 clones were selected randomly and two ripe inflorescences (containing mature seeds) were collected from each clone. The seeds of each species from a given pasture were threshed, mixed and stored at 4?C.
After eight months of storage, seeds were germinated in flats filled with sand. After three weeks, seedlings were selected randomly and planted into plastic pots (15 cm diam, 15 cm deep) filled with a standard potting mix of peat moss, sand and perlite (2:1:1). Seedlings were planted in the following arrangements for material from each pasture: monocultures at density 10 (Fig. 2a) , monocultures at density 20, all two-species mixtures at total density 20 and component density 10 (Fig. 2b) , and a four-species mixture at total density 40 and component density 10 (Fig. 2c) . The monocultures were planted for each species from each pasture. Mixtures were comprised of plants originating from the same pasture. All planting arrangements were replicated five times.
Pots were arranged randomly in a heated glasshouse with 15 h day and 9 h night and were rearranged randomly every two weeks. Four weeks after planting, each pot received 100 ml of a 2 g per liter solution of 20:20:20 NPK fertilizer with trace elements. Sixteen weeks after planting, pots were harvested by clipping all plants at ground level and separating above ground material according to species (for mixtures). Harvested material was oven dried at 100?C to constant dry weight and dry weight biomass was recorded.
Data analyses
Analyses of variance were performed to compare, for each density, monoculture yields across pasture age. Differences in monoculture yields at densities 10 versus 20 plants per pot were determined from t-tests.
The rank order of relative suppressive effects of species on each other was determined in two ways: Yield Suppression Coefficients for each species (i) in four-species mixtures with j, k and I were calculated as follows:
Yi ( (Aarssen 1985) . Differences in monoculture yields of a given species from different aged pastures were significant (P<0.05) for L. perenne at density 20 and for T. repens at both densities, where yields declined with increasing pasture age (Tab. 1). Eq. 4) (and one standard deviation, n = 5) for targets (i) growing with  associates) (j, k and 1) in four-species mixtures involving plants collected from pastures sown in 1977, 1958 and 1939 
Comparisons of Mean

4) but showed the opposite trend based on four-species mixtures (Tab. 3). Mean Yield Suppression Coefficients for L. perenne did not differ significantly across pasture age for either twospecies or four-species mixtures (Tabs 3 and 4). Mean Yield Suppression Ratios (YSR) for H. lanatus -T. repens mixtures decreased with increasing pasture
age although this trend was not highly significant (P=0.091) (Tab. 5). This reflects the increasing competitive ability of H. lanatus relative to T. repens with increasing pasture age discussed above (Tab. 2). Mean YSR for other species pairs did not differ significantly (P>0.05) with increasing pasture age. The Mean Relative Yield Total (RYT) increased significantly with increasing pasture age for mixtures of L. perenne and T. repens (P=0.03) and for mixtures of P. compressa and T. repens (P=0.0002) (Tab. 6).
The rank orders of suppressive effects of the four species on each species considered as a target differed depending on which species was the target (Tab. 7). The constancy of rank order however was greatest 
Discussion
Interpretation of species 'pecking order'
Two approaches for representing the rank order of competitive effects among species were examined in this study. In one case, rank orders were based on the relative suppressive effects of species on a given target species, where each species was considered, in turn, as the 'target'. 'Constancy' of rank order (when the target species was changed) decreased with increasing age of the pasture from which plants were collected (r = -0.998, P<0.05). The more variable rank order for plants from the oldest pasture appears to be a consequence of the fact that, for some species, the extent to which they and the target make demands on the same resources (reflected by RYT) is different with different targets. In three of the rank orders for plants from the 1939 pasture, the lowest-ranking species had a significantly higher RYT with the target than did the higher ranking species (Tab. 7c). This indicates that, for plants from the oldest pasture, the species at the lowest position in the rank order had the least suppressive effect on the target at least partially because they were generally the least similar to the target in demands made on available resources (or had the most beneficial interaction with the target). This apparently accounts for rank order of species in the 1958 pasture to a lesser extent (i.e. for the target T. repens only) (Tab. 7b), but not at all for plants from the 1977 pasture (Tab. 7a). These results suggest that at least two distinct components can be recognized in the interpretation of species rank order based on relative target suppression. The extent to which a target is suppressed by an associate will increase with: 1) an increase in the extent to which the target and associate make demands on the same resources (which might be loosely referred to as the amount of 'niche' overlap) and/or 2) an increase in the relative ability of the associate to deny these contested resources to the target (i.e. relative competitive ability). A third factor cannot be overlooked; the extent of target suppression may also be affected by the degree to which the associate confers some benefit to the target.
The species were also ranked according to their relative performances in all pairwise combinations. The rank order of species here was not identical for plants from each pasture ( Tab Target 1.38bc 1.51 mixtures, T. repens was superior to all of the other species (which did not differ among themselves), but H. lanatus and T. repens were equally superior to the other e rank order of species as determined two based on two-species interaction. Under natural ' bears no relation to their rank order field conditions, additional factors will be important, e field. e.g. interactions with other species not included in the sed on all pairwise comparisons of present study, spatial and temporal heterogeneity afxtures reflect the relative abilities of fecting relative competitive abilities and opportunities 1r for niche differentiation. Fowler (1982) , for example, found that species rank order changed when soil water and nutrient levels were varied.
Differences among pastures: collecting seeds versus ramets
In a study similar to the present study, using the same pastures, Aarssen and Turkington (1985b) investigated the competitive relations among the same four species. They collected all possible pairs of the four species as neighbouring plants in physical contact in the field. Ramets propagated from these clones were planted with ramets from their natural neighbours in small plots in an out-door experimental garden. The results of the present study and this earlier study differ in two major respects. Firstly, in the present study, the extent to which one species was able to deny resources to another (reflected by YSR, Tab. 5) was generally independent of the age of the pasture from which the plants (as seed) were collected. Aarssen and Turkington (1985b) however, reported that in four out of these six possible species pairs, the difference in performance of the two mixture components significantly decreased with increasing pasture age. This suggested that neighbouring species in the oldest pasture were generally more similar in their competitive abilities than in the younger pastures. Secondly, the extent to which the two components of a mixture made demands on the same resources (indicated by RYT, Tab. 6), decreased with increasing pasture age for two species pairs (L. perenne -T. repens and P. compressa -T. repens) in the present study. (An increasing RYT may alternatively imply an increasing beneficial interaction). In the study by Aarssen and Turkington (1985b) however, none of these six species pairs showed any indication of such a relationship.
The plants used in the present study were derived from seed collected randomly from mature inflorescences in the field and therefore consisted of genotypes untested for their abilities to evade forces of natural selection that are imposed during and subsequent to germination under field conditions. The neighbouring clones used by Aarssen and Turkington (1985b) however can be regarded as 'proven survivors' in the sense that the zygote that each individual was derived from had successfully developed beyond the juvenile phase, despite close proximity to the other. The relative abundance of species in the field (Fig. 1) will reflect the outcome of interactions between 'proven survivors' and in the case of P. compressa and T. repens these may involve genotypes whose fitness' are augmented by an enormous potential for clonal propagation. The contrasting results of Aarssen and Turkington (1985b) and the present study may, therefore, be a consequence of using plants derived from collected seeds and combined randomly in mixtures (in the present study) versus plants derived clonally from 'proven survivors' and combined in mixtures involving only clones that had been neighbours in the field (Aarssen and Turkington 1985b). Different results may also be a consequence of different experimental conditions. In the study by Aarssen and Turkington (1985b), the plants were clipped periodically which more closely resembled the conditions in the field imposed by grazing.
In the present study, both L. perenne and T. repens showed a significant decrease in monoculture yields with increasing pasture age (Tab. 1). Aarssen and Turkington (1985c) found the same trend of decreasing biomass for individual ramets of these species collected from these same three pastures. Aarssen and Turkington (1985c) suggested that this trend may be accounted for by differences in the length of time that these pastures had been grazed and hence represents the accumulation of selection pressures favouring small size. The comparable results of the present study indicate that these size differences are inherited by sexually produced offspring and are not merely a reflection of physiological changes in long-lived clones.
